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(54) Surfactant system for ink jet inks for printing on hydrophobic surfaces 



(57) An ink for ink jet printers containing an agueous. 
carrier medium; a colorant; and a mixture of at leas t one 
siloxan^syriactant; and at leasimeJluon*^^ 
f^tarTexhib^ excellent wetting on hydrophobic sur- 
faces. 
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Description 

BACKGROUND nF TMt= INVENTION 

This invent re,atesto^^^ 
a mixture of surfactants to improve wetting of the .nk n °^drophob c surface* ^ as ^ 

ink jet printing is a non-impact printmg process ,n ^^'^ h ah aua^y o^ut. combined with relatively 
ortransparencyfilm in responsetoan electronic s.gnal. ^°^W<^«™£V^ ^ Both 

noise free operation, have made ink jet ^o^ inks while in genera, superior in 

dyes and pigments have been used as ink colorants for .nk jet pnnterj jj. so|uble 

ior properties, have seve,. JJ^V«^S^ClS^ ^ » *-«* ™ 

and remain so after drying on the substrate^ in Mamo ^™ °* often unsuitable for use in applications requiring 

g| I MMARY of t H f invfntion 

The present invention provides a ink jet ink composition comprising: 
(a) an aqueous carrier medium; 

ic^Tet^ 

factants consisting essentially of 

(i) at least one siloxane surfactant; 

(ii) at least one fluorinated surfactant of the formula: 

[R(f)Q] n A 



wherein 



R(f) is a perl luoroalkyl group having 6 to 22 carbon atoms; 
40 Q is a divalent bridging group; 

weight, based on the total weight of the surfactant mixture. 
45 nFTAII FD DESCRIPTION OF THF FMBO DIMENTS 

^■on. .q Terrier Medium 
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30% to about 95% water with the balance (i.e.. 70 to 5 A>) oe.ng ine wax h f ^ tQta| 

a- ~ a*w hv wPinht water The aqueous carrier medium comprises /u to tw.o/o, uy y 
rier medium is 60-95 /o, Dy weigni, wdiet. me a H uc D , ft * oraN vy tho amyous carrier medium comprises 94- 



a dye is selected. 
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Colorants 

p,SS: pig"* are the prefer,,*) domnts to use in the corrpo*,* of «. .nvenwv 



Pigments 
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Sozzles that usually have a diameter ranging from 10 m,cron to 50 micro ^^^^ minute particles wi „ 

becal Lganic pigments generally have higher specie gravities than the orgamc p.gments. 
Dis persant 

advantageously used to practice this invention. ^clonal groups S a" mproved dispersion 

blockfor stronger specific interactions between the colorant ^^JJ^S^U? Patents 5.085,698 and 

^^^^ 



10,000. 
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* «f n 1 to 25% preferably 0.1 to 8% by weight, based on 
The polymeric dispersant may be ^^^l^^i ^"(oo highlit be difficult to maintain the desired ink viscosity 



5 Dves 



D<es useful in M — ^~d^^^ 
water insoluble dyes are also useful in ^^TS^J^ M c«ionic dyes are those «hich in aqueous 

have sTflicient water solubility to be used jn aqueous '^^J^ m manner as discussed below, 
treated as pigments and may be d.spersed for us "^J? "J^ end use . gome of the more useful classes of dyes 
All types of dyes mentioned above %^^^Z^ SoW^ and Reactive dyes. Any of these classes 
in this invention are Acid, Basic. Direct, P'^'^S « "rSroso compounds, nitro compounds. a» com- 
of dyes may have one or more ^J'^J^^i compounds, quincline compounds, thtoto.com- 

^^^^^^ " "** 

which are well known to those skilled in the art fmction of choice , being primarily dependent 

pTeWrably 0.1 to IK. by «eioht. based oh the total .eight of the ,nk. 

Qi.rfartant Mixture 

- m e * o, ,b. — . ^-mssstss J slits szz 

35 v ^ n ft ?. ]rfact ant 

The siloxane surfactant is selected from the group consisting of: 
(i) a polyether modified siloxane of the formula: 

RUSiOtR'SiOCCH^^CH.CHOnRlyt^SiOlxSiR^ 

I 

Ri 
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wherein R' = methyl 

FT = hydrocarbon chain, and 

r 1 = H for ethylene oxide. CH 3 for propylene oxide. 



M ,e,he,r— ofp**,"^ 
fc i*iucti» of side chalhs. Through ^°^^"ZZ ,mups to polyether modriicto (x to ,. in 
car be irh?ro»ed or modified. The <*™^£^J!z M B,. This has an influence on surface traon. 
Z^^ZTl^Zr^X ^ aL «H* » . ver, hydrop*. — 
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PPO is hydrophobic; contro. of the ratios of PEO to PPO can contro, the degree of pCar* of the entire si.icone 



additive. 



The copolymers Have the general formula: 

(R , )(Si0 3 ) x (R 2 SiO) y [(C n H 2n O) 2 R"]alR"l3xa 

10 wherein R' is a hydrocarbon radical having a valence of x, 

R and R" are monovalent hydrocarbon radicals. 

FT is a member of the group consisting of alkyl radicals and R 2 Si-radicals. 

x is an integer having a value of at least 1 , 

y is an integer having a value of at least 3, 
r5 n is an integer having a value of 2 to 4, . and 

a is an integer having a value of at least one and not greater than 3x, and 

z is an integer having a value of at least 2. 

Compounds (ii) above are disclosed in Ba.ley and O Connor U.S. Pat. no. 
are incorporated by reference. „„ no i tfmf > rs are a mixture of copolymers wherein each copolymer 



^)(R 2 SiO) p (C n H 2n O) z R' * 

R'Si-O^SiOlqtC^nOlz^ ' 
\ 
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wherein R R and R" are monovalent hydrocarbon radicals, 
p, q, and r are integers each having a value of at least 1 , 
n is an integer having a value of 2 to 4, and 
z is an integer having a value of at least 2. 

Particularly preferred compounds of type (ii) are of the formula: 



CH 3 



R'-Si[<0— Si) x -{OC 2 H 4 ) a HOC 3 H 6 ) b OR'] 3 



' x 
I 

CH 3 



50 



wherein R' is alkyl radicals of 1 to 4 carbon atoms, 

x is 4 to 60, 

a + b= 1 to x, and 

a^b. 

(iii) block copolymers composed of : 
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(1) at least one siloxane represented by the formula: 

RbSiO (4 . b ) 

„„„* R con,™ torn , . 22 ea^n atoms and is s*c«d l»m ft. dm co.sis.ng o. n«— h/dro- 

t^.rXS^S-*. a, iaas. M ok»..M- rsf.asen.sd b» »* M 

-R'O- 

wherein R.sanaMenegroupcontainingf^^ 
blocks are connected by the divalent hydrocarbon group. 

Compounds (iii) above are disclosed in Huntington U.S. Pat. No. 3,305,504, the disc.osures of which are incorpo- 

rated by reference. . 
Particularly preferred compounds of type (iii) are of the formula. 
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CH 3 

I 

H3C— Si-0 

CH 3 



CH 3 
1 




CH 3 


Si-0 




1 

—Si-0 


1 

CH 3 


X 


C 3 H 6 



CH 3 

I 

-Si— CH 3 

I 

y CH 3 



6-(C 2 H40) a — (C 3 H60)bR 
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wherein R is hydrogen or alkyl radical of 1 to 4 carbon atoms, 
a is 1 to 30, 
b is 0 to 30, 

x + y = 4 to 60 where x>y and y^1 . 

So«.si,o,,nesu*c«a,,a»*«*. ra n, *""*»>■ CT ' 5 BVK—tsandton, Union 

^S-Se^"^ »— *-* — - "** — *- ~* 

mers - . - *u nf 1 n tn 7^% oreferablv 25 to 65%, and more preferably 30 to 60% 

together prior to their use as long as they form a single phase liquid. 
Flunrinated Surfactant 

The fluorinated surfactant of the invention has the formula: 

FWQJnA 

w^ein.Rfl^e^^ 

group; arSTiiT^Ttebr^^ the bridging q gr0 up and 

10 carbon atoms, and may contain heteroa oms such as Sj£ a ^ N p ^™ e ° able undef the condi »ions of use. 

the water-soluble A group may be ^' l ^J^lS^S^^ to 12; -COOM and -S0 3 M wherein M 
The water-soluble A group may be selected from -(OCH 2 CH 2 ) X OH wnere.n 
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is hydrogen, ammonium, amine, or an a,Ka.i meta. such - ^"^^ 

Z is hydrogen, ammonium, amine, or an alkali meta such »™2£^^ of halides, ace- 

ponents in the inks to avoid precipitation or f lobulation. _ 
Some examples of suitable f luorinated surfactants are shown in Table 1 . 
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TABLE 1 



FLUORINATED SUR- 


R(f) 


Q 


A 


n 


FACTANT 










1 


F(CF 2 CF 2 ) 3 -8 


CH 2 CH 2 SCH 2 CH 2 


co 2 u a 


1 


2 


F(CF 2 CF 2 ) 3 -8 


CH 2 CH 2 


P0 4 (NH 4 ) 2 


1 


3 


F(CF 2 CF 2 ) 3 _ 8 


CH 2 CH 2 


P0 4 NH 4 


2 


4 


F(CF 2 CF 2 ) 3 -8 


CH 2 CH 2 


(OCH 2 CH 2 ) x OH b 





Vis 1-10 

omer B monoether with polyethylene glycol. Drefer ablv 3 0 to 4 5% by weight, based on the 

wetting of hydrophobic surfaces. 
Ojh e/ Ingredients 

sitions as desired. 
Ink Preparation 

T*. 6 used as «. «*>«. ft.. * n. disoersan, „e«n, and no need lo. pigment daaggn^ata. Tne d,.- 
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liSty colo" hue 9 saturation density, and print area coverage for the particular appl.cat.on. 



5 ink Properties 
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Je »ve,ocity, separation length of ^^^^^^^^^^JS- 
sion and the viscosity ol the ink. Pigmented ,nk ^^S^SS^h £^ 15 dyne/cm to about 35 
face tension in the range of about 1 5 dyne/cm to, of ab o Ul , .«, cP to about 1 5.0 cP. 
dyne/cm. Acceptable viscosities are no greater than 20 cP, v0 „ a ge and pulse width 

The ink has physical properties compatible with a wide .range of n e ' e .f^ 

fortherma. ink jet printing devices, driving frequency ^of the p,« ^"^^^^^ such as con- 

coalesce the polymer latex. 
EXAMPLES 

20 The invention will now be further illustrated by, but not limited to, the following examples, in which parts and per- 
centages are by weight unless otherwise noted. 

Pniympr Pre paration 1 : 

This shows the preparation of BZMA/MAA ™™^™Z*^ N2 jn|el drying tube out | et , and addition fun- 
A 12-liter flask was equipped with a mechanical stirrer, ^^^^^^^^ tetra butyl ammo- 

methyl propene, 291.1 gm (1.25 M) was W***™ ' ' T y [trimethylsilyl methacrylate. 1975 gm (12.5 M)] 
solution in acetonitrile] was started and added over 180 t™^ 6 * "J" aJter Feed II was completed (over 99% 
was started at 0.0 minutes and added over 35 m ^«-^ e , h ^^^^^ and add ed I over 30 minutes, 
of the monomers had reacted) Feed II. [benzyl mesylate ^^^^ ™. During tne firs t stage 

Pniympr Preparation 2: 

40 This shows the preparation of butyl methacrylate/methyl methacrylate/Zmethacrylic acid AB block polymer 

(10/57/10) block copolymer. ^ rmnmo , or N2 inlet drvina tube outlet and addition tunnels. Tetrahy- 

A 12-liter flask was equipped with a stirrer, thermometer^ nle J <^™"" ^ ammonium m - C hlo- 
drofuran ("THF"), 3027 g. and p-xylene, 6.2 g were charged to ft ' "^J*^ S a ^1 " b is(trimethylsiloxy)-2- 
4 s robenzoate, 2.5 ml of a 1.0 M solution ,n acetonrt He, wa ^«" ^^ro^nzoate 2 5 ml of a 1 0 M solution ir, 
methylpropene, 234.4 g, was injected. Feed I (tetrabutyl ^"Xt^Sle 15M 0) was started at 0.0 
acetonitrile) was started and added over 150 "^If2J 7^^*™^ W (butyl methacr- 

min and added over 30 minutes. One hundred and twenty ^nutes after Feed II 2 ^ 65Q d d 

ylate, 1425 g and methyl methacrylate, 503 tf ^^ "f^JJ XSHT^oWWii 12sS.O 9 of 

rsrrrerj^ 

^tT-STU. methacrylate/methy. methacrylate/Zmethacrylic acid AB block polymer (10/5//10) with a Mn - 

2780. 

Rl^ rk Pigment Djc porginn Concentrate 

Ablackpigmentdispersionwas prepared by mixing togetheMOO grams of Polymer 2; 200 grams of FW-1 8 pigment 
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YfiHniAy Pig ment DisD orcinn Concentrate 

Aye..owpigment dispersion wasp^^ 
ment (Diazo Yellow 8GN from Ciba) and 64 grams j£*J*^j£j for 45 minutes. The temperature of 

one roll was held at 150 C and the otner ran w* w die thylene glycol. 

20 Mag pnta Pignu t Dispersion Concentrate 

Amagentapigmentdisper.onwasprepared.y^^^^ 
ment (Quindo Magenta 122. BASF) and 66 grams a S *£■ ^ ^ ^ ^ temperature of 
milM M r .^S26^ 

SSp^ 

An aqueous pigment concentrate using "'^^^^3 of 2-dimethylaminoethanol and 1973.1 
r.yan Pig ment Disp ° rcinn Concentrate 

* (Endu.ophthal Blue OF BM1M» and 4 ' ^J^^oaLd fo, 45 ««. The n»U> 

» asueous pl 9 m« concenw, ., m "™**££SS 'Jams <* 2*n*»l a m™e,han=l and .973., 
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ink Preparation 1: 

inks were prepared by stirring together the following ingredients: 
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Ingredient 



Amount (% by weight) 



Magenta Pigment Dispersion Concentrate 
Emulsion Polymer E 1 69 1 . Rohm & Haas 
Telomer B monoether with polyethylene glycol 
Polyether modified dimethyl polysiloxane 
Deionized water 



Sample 
I 


Sample 
2 


Sample 

3 


30 


30 


30 


9 


9 


9 


0 


2 


2 


2 


0 


2 


59 


59 


57 



30 
9 
1 
1 

59 
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ink Pre paration 2: 

inks were prepared by stirring together the following ingredients: 




Magenta Pigment Dispersion Concentrate 
Emulsion Polymer El 691, Rohm & Haas 
Fluoroalkyl alcohol substituted mono ether 

with polyethylene glycol 
Polyether modified dimethyl polysiloxane 
Deionized water 



30 


30 


30 


30 


9 


9 


9 


9 


2 


0 


2 


1 


0 


2 


2 


1 


59 


61 


61 


61 



9 

2 

1.5 
61.5 
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Ink Preparation 3: 

Inks were prepared by stirring together the following ingredients: 

Ingredient 



50 



Cyan Pigment Dispersion Concentrate 
Yellow Pigment Dispersion Concentrate 
Black Pigment Dispersion Concentrate 
Emulsion Polymer E 1 69 1 , Rohm & Haas 
Telomer B mono ether with polyethylene glycol 
Polyether modified dimethyl polysiloxane 
Deionized v. ater 



Amount (% by weight) 
Sample Sample Sample 



1 


2 


3 


20 








30 








30 


18 


18 


18 


2 


2 


2 


1.5 


1.5 


1.5 


58.5 


48.5 


48.5 



55 ink Preparation 4: 

Inks were prepared by stirring together the following ingredients: 
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ingredient 



10 



Magenta Pigment Dispersion Concentrate 
Emulsion Polymer El 691, Rohm & Haas 
Telomer B monoether with polyethylene glycol 
Silwet® L77, Union Carbide Corp., Danbury. CT 
Deionized water 



Amount (% by weight) 



Sample 
1 


Sample 
2 


Sample 
3 


30 


30 


30 


9 


9 


9 


2 


0 


2 


0 


2 


2 


59 


59 


57 



Sample 
4 
30 
9 
] 
1 

59 
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l"K Preparation 5: 

A magenta ink was prepared by mixing together the following ingredients. 
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Ingredient 


Amount (% by weight) 


Magenta Pigment Dispersion uoncentrate 


26.67 


BYK-345 (polysiloxane surfactant) 


1.5 


Zonyl FSO-100 (fluorocarbon surfactant) 


2.0 


N-methylpyrrolidone 


30 


Deionized water 


39.83 
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EXAMPLE 1 

oLer-ed tor wetting ch.r.cerlste of th. «<*>>•> «" «*» * " * Z also*** a nor**- 

ting of the vinyl surface as shown by good film formation. 
EXAMPLE 2 

as shown by good film formation. 
EXAMPLE 3 

ink films wet the vinyl surface to provide a uniform film. 
FXAMPLE 4 

ink samples 1 to 4 from InK Preparation 4 were applied to a vinyl surface by air brush spraying as described in 
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5 FX AMPLE 5 

of the vinyl surface as shown by good film tormat,on. 

10 Claims 

1 . An ink jet ink composition comprising: 
(a) an aqueous carrier medium; 



(c) 
of 



20 



m at least one siloxane surfactant; 

(ii) at least one f luorinated surfactant of the formula: 

[R(f)Q] n A 



wherein, 



25 



30 



R(f) is a perfluoroalkyl group having 6 to 22 carbon atoms; 
Q is a divalent bridging group; 
A is a water soluble group; and 

total weight of the surfactant mixture, 
sisting of 



40 



(i) a polyether modified siloxane of the formula: 

R'jSiOtR'SiO^^OCC^CHO^R-lytR^SiOlxSiR's 
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wherein R' = methyl 

R" = hydrocarbon chain, and 

r 1 = H for ethylene oxide, CH 3 for propylene oxide 

general formula: 

(R , )(Si03) x (R 2 SiO) y [(C n H 2n O) 2 R1atR' , ']3x-a 
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wherein R' is a hydrocarbon radical having a valence of x, 

R and R" are monovalent hydrocarbon radicals, 

S" "s a member of the group consisting of alkyl rad.cals and R 2 S,rad.cals, 

x>1, 

y>3, 

n = 2-4, 

1 < a £ 3x, and 

z > 2; and 

(iii) block copolymers composed of : 

(1) at least one siloxane unit represented by the formula: 

RbSiO (4 -b) 



-R'O- 



, R' k ,n aMene group conning from 2 to about 10 carbon atoms inctaiva. said *». «> 

/ 0(R2SiO) p (Cn H 2n O) r R H . 
R'Si - 0(R2 SiO) q (Cn H 2 n 0)z R" 
S 0(R2 SiO) r (Cn H 2 nO) z R M 



R, R' and R" a,a n— *». - — ■ * * «» « *"» ' *' " " 

least 1, 

n = 2 to 4, and 

z>2. 

, The ink jet ink composition of Claim 3 wherein the siloxane surfactant has the formuia: 

CH 3 



r- _si[(o-si)r^ oc 2 h 4 v^o c 3 h 6 ) b o R ' h 



I 

CH 3 



wherein R' is alkyl radicals of 1 to 4 carbon atoms, 
x is 4 to 60, 
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a + b= 1 to x, and 



6. The ink jet ink 



composition of Claim 3 wherein the siloxane surfactant has the formula-. 



10 



CH 3 
H 3 C-Si- 
iHj 



CH 3 




CH 3 
I 

-Si-O- 


I 

Si-O 











<fH 3 
-St-CH 3 
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20 wherein R is hydrogen or alkyl radical of 1 to 4 carbon atoms, 

a is 1 to 30, 
b is 0 to 30, 

x + y = 4 to 60 where ry and y 1. 

- T . p. l *»,* w «-e-1^«-^^'^-"~^ ,,, - , "■* 

factant. 

8. The inK jet inK composition of Cairn 1 wherein Q is a diradica, of aiKyl. ara.Ky,, al^ary, or aryl containing .ess than 

30 10 carbon atoms. 

sisting of S, O and N. 

ether ester, amide and sulfonamide. 

„ . ink iet ,* c^to 0. 0* 1 *«* „e taMd has a I, >. 

medium, of at least 0.01% at 25°C. 

glycol. 

* » HI * «*-» - « m ' — " ' IU ° ,ina,ed * * """^ SC0B0 ' 

45 monoether with polyethylene glycol 

,4. The Inkjet inK composition of Claim 1 wherein the coiorant is a pigment dispersion comprising a pigment and a po, 

ymeric dispersant 

so 
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